BACKGROUND: Timely identifi cation of high blood lactate levels in septic patients may allow faster detection of those patients requiring immediate resuscitation. Point-of-care (POC) testing is being increasingly utilized in the emergency department (ED). We examined the accuracy and timesaving effect of a handheld POC lactate device for the measurement of fingertip and whole blood lactate as compared with reference laboratory blood testing in septic ED patients.
INTRODUCTION
Sepsis and septic shock are common medical conditions associated with significant morbidity, mortality, and healthcare expense. [1] Despite the use of abundant healthcare resources worldwide, severe sepsis and septic shock have a mortality rate of 10%-30%, and 30%-50%, respectively. [2, 3] Estimates include 60%-80% of deaths in low-to middle-income countries (LMICs). [4] Sepsis is a timesensitive condition amenable to early intervention. Serum lactate level obtained in the emergency department (ED) is predictive of mortality among patients with suspected infection and can be used to guide early resuscitation World J Emerg Med, Vol 8, No 3, 2017 via serial measurement. [5] [6] [7] [8] International consensusbased guidelines on sepsis recommend that serum lactate measurement be available with a rapid turnaround time ("within minutes") to help identify patients with tissue hypo-perfusion who are at an increased risk of morbidity and mortality. [9] Early recognition of elevated lactate levels in sepsis may hasten identification of patients eligible for aggressive resuscitation. [10] There are numerous hindrances to the early detection of lactate levels in the ED due to prolonged ED waiting time, increased patient volume and delays due to limitations of traditional laboratory analysis [11] Test results may therefore take hours to return and must be actively sought out by the clinician. The gold standard for the determination of lactate is the laboratory goldstandard enzymatic colorimetric assay method. Pointof-care (POC) devices have recently been implemented in a wide variety of settings, from veterinary studies to humans, from ED triage to the intensive care unit (ICU), to hasten detection of time-sensitive disease states and expedite care. [12] [13] [14] Such POC devices do exist for the rapid evaluation of lactate. In an animal study which compared four POC meters in animals, all POC lactate meters demonstrated a sensitivity of 100% and a specifi city of 95.7%-98.6% with a cut-off plasma lactate concentration of 4 mmol/L. [12] In LMICs such as Pakistan where the mortality rate of sepsis has been shown to be 23% (95%CI 19%-26%), no study at present, has been performed to evaluate if a POC lactate device is an accurate means to assess lactate levels in the septic patient. [15] Our research objective was to assess the accuracy of handheld POC device for the measurement of fingertip lactate (as well as blood lactate) when compared with reference laboratory testing in septic patients arriving to the ED.
METHODS
Our study was a prospective cohort conducted at the ED, Aga Khan University Hospital, Karachi, from August 2014 to February 2015. The Aga Khan University Hospital is a 500-bed urban tertiary care hospital with a 45-bed Emergency Department which provides care to 45 000 patients annually. Ethical approval was obtained from the Ethics Review Committee (ERC) at the Aga Khan University Hospital.
We calculated a total sample size of 14 subjects using software NCSS PASS (Power analysis and sample size) version 13.0.6. [16] The sample size was increased to a total of 43 patients for improved validation. We employed purposive sampling strategy. Our inclusion criteria enlisted adult patients more than 18 years of age, presenting to the ED with severe sepsis/septic shock as per the discretion of the treating Emergency Physician such as to require a serum lactate measurement. Severe sepsis and septic shock were defi ned as per the Surviving Sepsis Campaign. [17] Out of these, patients who refused consent, those who were clinically assessed to have systemic infl ammatory response syndrome (SIRS)/sepsis, or those who had a contaminated fi ngertip or blood from venipuncture were excluded.
Data was collected in phases of 12-hour ED shifts. A pre-formed data collection tool was filled out which included demographic details obtained from the patient or his/her next of kin, as well as clinical data as per the patients' medical charts. Variables included triage time, working diagnosis formed in the ED, time of blood sampling for lactate analysis, sepsis-related organ failure assessment (SOFA) score calculation, [18] time to antibiotic administration, time to steroid administration, use of vasopressors and mortality outcome at 24 hours of fi rst presentation to the ED. Fingertip (capillary) and venous blood samples were then serially collected for each patient; at the time of enrollment (T 0 ), and then again after six hours of resuscitative measures (T 6 ) in order to calculate the rate of lactate clearance. These values were entered into the data collection tool.
Venous blood samples were obtained as per the discretion of the treating physician following routine ED care protocol. Samples were collected in Gray top tubes (sodium fluoride/potassium oxalate) which were placed in an ice container and immediately sent to the central ED/hospital laboratory. These were then analyzed on Dimension RXL & Advia 1800 (laboratory gold-standard enzymatic colorimetric assay), installed in ED stat lab &/ or main lab which is calibrated and maintained according to the manufacture standards. This serum lactate measurement is obtained in approximately 30 minutes and served as the "reference method".
Point-of-care lactate measurement was performed with a "StatStrip" lactate with a detection range of 0.7-20.0 mmol/L, and a result turnover time of 13 seconds.
[19] This POC device requires 0.6 microlitre of whole blood. The device uses single-use test strips containing an enzymecoated electrode. The machine was calibrated by primary investigator by using a factory-supplied calibration strip, and tested by using a check strip with a known value, every 12 hours while in use. The principal investigators received in-depth training on the use of the POC device World J Emerg Med, Vol 8, No 3, 2017 from a representative of the manufacturer.
Informed consent was obtained for fingertip POC and blood POC lactate level analysis. Finger-prick was performed with disposable lancet after cleaning with an alcohol swab in order to remove traces of sweat so as to avoid contamination. This capillary blood was then utilized for POC analysis. The venous blood drawn for laboratory reference measurement was also used for POC analysis in order to avoid unnecessary venipuncture.
Data was entered and analyzed by using statistical package version 20 (SPSS v.20) . Frequencies and percentages were derived for categorical variables. Means and standard deviations were calculated for normally distributed continuous variables. Skewed continuous variables were reported as median and inter quartile range. Agreement of the POC device with the laboratory reference method was assessed by calculating the intra-class correlation coefficient (ICC), and ICC values greater than 0.9 were considered having excellent agreement. To determine the variability of the POC device, as compared to the reference method, Bland and Altman plots were developed with mean difference and limits of agreement. Fingertip POC and whole blood POC values were each compared with the reference method. The post hoc analysis demonstrated that a sample size of 14 subjects with 6 observations per subject achieves 90% power to detect an intra-class correlation of 0.9 under the alternative hypothesis when the intra-class correlation under the null hypothesis is 0.7 using an F-test with a signifi cance level of 0.05.
RESULTS
A total of 43 patients consented to be a part of the study. The mean age of population was 58.02 (SD=18.28) years. More than three-quarters were males (n=35, 81.4%). Almost 72% (n=31) of patients presented with septic shock and 58.1% (n=25) patients required vasopressor use. The average time for blood sampling for lactate analysis and antibiotic administration was 157±226 minutes and 112±161 minutes, respectively. Thirty-seven (86%) patients survived at 24 hours of presentation to the ED (Table 1) .
At the time of arrival to the ED, fi ngertip POC lactate measurement correlated strongly with the laboratory reference method at time of arrival (correlation co-effi cient =0.93). The Bland and Altman plot demonstrated mean differences of the two measurements, the serum lactate and the fingertip POC within the limits of agreement. Scattered values of the differences were plotted in Figure   1 against the average of the two measurements. The mean difference between serum lactate and fi ngertip POC lactate was calculated to be -0.32 with 95% confidence interval of mean difference of -2.56 and 1.92 with only 3 outliers falling outside the limits of agreement. It was therefore concluded that agreement is good between both methods (Figure 1 ). Vol 8, No 3, 2017 Whole blood POC lactate measurement correlated highly with the reference method, with correlation coefficient (r) of 0.92. The Bland and Altman plot demonstrated a mean difference of 0.2, with limits of agreement between -1.63 and 2.02. In this case, whole blood POC measurements more often measured lower than those measured by the reference laboratory method.
Only two values fell outside of the limits of agreement from the upper side. The values scattered equally between the limits of agreement shows no systematic differences between both measurement and an excellent agreement proved for blood POC device and laboratory reference serum lactate (Figure 2) . At 6 hours after arrival, fingertip POC lactate measurement continued to demonstrate adequate correlation with the laboratory reference method (r=0.97).
The Bland and Altman plot demonstrated that fingertip POC measurements were slightly lower (mean difference =-0.34 with limits of agreement between -2.71 and 2.02 with 3 values lying outside the limits of agreement) ( Figure 3) . Similarly, at six hours, whole blood POC lactate measurement also showed a high correlation with the reference method (r = 0.95). The Bland and Altman plot showed a mean difference of -0.02, with limits of agreement between -1.55 and 1.50. Only 2 values fell outside of the limits of agreement. The scattered plot suggests variation of at least one method depends strongly on the magnitude of measurements (Figure 4 ).
DISCUSSION
Elevated blood lactate levels are typically present in patients with severe sepsis or septic shock. [1] [2] The Surviving Sepsis Guidelines have instituted a protocol for resuscitation of a septic patient which incorporates lactate as a biomarker for the detection and for gauging the effectiveness of therapy. [4, 7] Our study was conducted with the aspect to come up with an alternative method to reduce the time taken to analyze the blood samples for lactate levels for determination of the severity of patient's medical presentation and take action accordingly. While POC analysis for lactate was available within 12 seconds at the maximum, laboratory reference method via STAT lab still took 30-60 minutes for the results to get back. This Vol 8, No 3, 2017 study is in concordance with previously available data/ studies that handheld POC lactate devices may serve as an effective alternative method of evaluation of blood lactate levels. [10, [20] [21] [22] [23] [24] A study conducted by Singer et al [24] showed that not only was there a reduction in time to administration of intravenous fl uids and antibiotics with a handheld/bedside POC device for lactate measurement, but there was also a reduction in the overall admissions to intensive care units and mortality.
Our study also showed a comparison between the two methods at the time of presentation to the ED and six hours after arrival to assess for effectiveness of resuscitative measures, fingertip/capillary and venous blood POC lactate measurement demonstrated adequate correlation with the laboratory reference method. However, venous blood POC lactate measurement signified a slightly stronger correlation than fingertip/ capillary blood. Similar fi ndings were shown by a study conducted by Contenti et al, [25] where the aim was to compare lactate level measurements from arterial, venous and capillary blood samples using a handheld point of care device. They were able to demonstrate that venous blood samples were superior in specifi city and sensitivity to capillary and arterial blood samples for lactate levels.
We understand that through our research, this device can serve a swift alternative for detecting the lactate levels in sick patients presenting to the hospital. Low-to middle-income nations have various under resourced hospitals working under limited conditions for providing medical care to patients. If this device were to be used in such setups, it would certainly provide benefi t in providing standard and timely care until more defi nitive treatment can be initiated by transport to more established medical facilities. [26] Our study has certain limitations. First, the study comprised of a sample size which should be explicitly addressed before the POC lactate device is considered to be used beyond experimental purposes. Secondly, the analysis of results revealed outlier values that need further investigation through a study incorporating a larger sample size than the one we have used. Finally, proper cost effectiveness studies should be conducted in order to assess the economic aspect of POC lactate measurement in sepsis.
CONCLUSION
Our study demonstrates that the fingertip POC method is comparable to the serum method in determining the lactate levels in septic ED patients.
